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A Review of Ag—based Catalysts for Oxygen Reduction Reaction
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(* National Development Center of High Technology Green Materials, Beijing 100081)

Abstract There is great interest in the oxygen reduction reaction (ORR) in basic solution due to the development of alka-
line fuel cell and metal air battery. Pt is a kind of highly active catalyst for ORR to go through 4e pathway. However, the price
of Pt is expensive, and the annual production is only 181.6 tons, which is far to meet the usage of electric vehicles. On the
contrary, Ag is not only much cheaper than Pt, but can also catalyze ORR to pass 4e procedure. In addition, Ag is more active
than Pt for 4e process in more concentrated alkaline solution and at higher temperature. Therefore, this paper briefly reviews
different types of Ag-based catalysts, which are used in the field of the ORR, such as, pure Ag, carbon-supported Ag, Ag
composite catalysts, Ag binary alloys and Ag-transition metal oxides. We introduce merits and drawbacks, possible research
directions of the above Ag-based catalysts, respectively, and show a comparative analysis on the update results of these
Ag-based catalysts, especially for the carbon-supported Ag, a proper weight proportion of Ag and particle size and morphol-
ogy of Ag cluster should be found out and researched in the future. Moreover, the state-of-the-art research and catalytic
mechanism of Ag binary alloys are also reviewed, interestingly, two different catalytic mechanism explanations of Ag binary,
based on the same institute, University of Texas at Austin, are compared and analyzed. Furthermore, the relationship between
catalysis performance for ORR and structure of Ag-based catalysts are properly elaborated, and we also introduce some of the
main characterization techniques (electrochemical techniques, structure analysis, morphological analysis, density functional
theory etc.) Based on the common characteristics of all of Ag-based catalysts, at the end of this review, we propose some
promising practical application and research tendency for Ag-based catalysts. The catalytic activity of transition metals in
aprotic electrolytes is similar to that of transition metal in strong basic aqueous electrolytes, the excellent Ag based catalysts
for alkaline fuel cell and metal air battery may play well in nonaqueous Li air battery, too.
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Figure 1 The cyclic voltammogram (CV) profiles for bulk Ag?*!
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Figure 2 (a) Cyclic voltammetry and (b) ORR polarization curves of 60
wt% Ag/C catalysts obtained in a 0.1 moleL ' NaOH solution aging in
glass or plastic bottles vs. that in freshly prepared 0.1 molsL ' NaOH
solution saturated with argon or oxygen®™!
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Figure 3 Cyclic voltammograms showing the characteristic redox peaks
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carbon!*!!
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tT Cloy Al Cl 7EARSE M i AE A T LAAE Ag FIR
B, X PR E F IRB see TAR TAE Ag B
B, MIIHEKT ORR I HLF, 1 Br=#+ H0, L
R FEWEIN. AHIEA L VLSRR #8256 ORR 7=/E
AR, WA kR Y, VI Re - AR IE T 52
Wi, — MR E AT, 2012 4F, Casarin 25U
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T 7 B R R Ha il v 3 5 2 AR B U K B
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Figure 4 (a) Monolayer phases of on-top sites FePc on Ag (110): STM
images; (b) Side view along the main surface direction of the
DFT-optimized structure for FePc on-top surface site; (c) Side view of the
FePc-(17°-0,)-Ag adsorption configuration'®!
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F13.3 nm [f] AgNPs, iliil CV ih£# 1, Ag-NCs il Ag
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KEETEHM) Ag 7 ORR fEALTEPE B 200 T RURL B34,
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A A B 1, OB ) dr GRE 2 — %
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o Ag AARYT L ) (gas-diffusion electrode, GDE)[Y]
ORR fiEf A, SCEHHRRY], 41T 1) GDE Hitk
HIBA NI EL S 20 wv/h (LU T, B4, Mt
J, 5000 h Ji5 LR ZIFE 100 mV, S5 46 i HAH LA 2
29 12%~15%. AT AP TR K (a) B SO 1
AT, Ag AR THPRLRE T R, ELSER AR R F%; (b) GDE oY
FEIAR 25 7571 58 DU 9, .4 (polytetrafluorethylene, PTFE)Z i
Bk, MR AKYERE TR, Ag 5%/l AR
R, BfEnt, Wagner SRS SE AL R W Ag 7E6H
YRR HA R R A PEORFFRE ).
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Figure 5 Polarization curves obtained using a rotating disk electrode for
O, reduction on different carbon dispersed metal nanoparticles in a 0.1
mol/L NaOH solution. Rotation rate, 1600 r/min; sweep rate, 5 mV/s*%!
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MR TIX L5t 408, Fims) 25T, Lima
SIS AR ) Ag RiFE 47.7 nm 1) 20 wi% Ag/C 7E 1
molsL ' KOH ¥V ORR % # 7%k 2.3.
Demarconnay 5245 i HURIAZT 15 nm (1) Ag kL5 K
A AR 120 wt%), I 5 20 wt% PYC i
1T LA, HE e HEAT EE 20 wt% PY/C 1% T 50 mV, I
TR T 1 mA/en?’, Bk FHO 3.7, BRI R
UFI AT RE. BHJS, AT SCAE [ 2Bk AR b (solid
alkaline fuel cell, SAFC)- A T A [F] Ag 2 I i i
oAb pEBEDY, 9F B, 1T B T R BROR] H i (direct
methanol fuel cell, DMFC)] IE AR FNGR MR} e it 2548,
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R AT AR T 20 wt% Ag/C i 52 FHEEIIAE 1, 525
FW], AEFEEREE 0.1~0.5 moleL ™' JEH N, 20 wt%
Ag/C i 32 HEE RE ) W] WA T~ 20 wt% PYC. 534k, Ik
138 2 %F Bt Demarconnay 2515 J5 I (RRIF 9T 45 SR %
I, 14 wt% Ag BB MRS 40 wi% Ag 3
AL, Wil 6 . TATTHILHEN, 75 10~40 wt%
1 Ag #aJuF N, Ag RiARHEL 15 nm I, Ag 2 51
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Figure 6 j~FE curves at a rotation rate @=2500 r/min recorded in
O,-saturated 0.1 mol/L NaOH electrolyte for: (a) (1) 14 wt% Ag/C, (2) 20
wt% Ag/C, (3) 30 wt% Ag/C™*; and (b) (—) 40 wt% PY/C, (- - -) 20 wt%
Pt/C ,(m) 20 wt% Ag/C ,(A) 30 wt% Ag/C, (@) 40 wt% Ag/CP*

BRI IE— RN, AT IR Ag/C (1) ORR 1
HPEREAN S Ag Bk, i Ag kIR A X, —#
JE[RISEm T Ag/C ML PERE. N Varcoe & HRIE T4
PH B 722 # ¥ (anion-exchange membrane, AEM) AFC 1,
60 wt% Ag/C (0.5 mg/cm?) ELA5 FI1 20 wt% Pt/C 43T ) i
PERE. Park 5P0E SAFC (S SR 2 M, [HFE 2
40 wt% Ag/C, Ag 74k 2 mg/em® FIMEALTEREIL T 1
mg/cm? FIl 0.5 mg/em®. Han ZEC7HIHT5TEH], 20 wt%
Ag/C (174 nm)fe At 4e R NiEAE, 1 0.5 wt% Ag/C (4.1
nm) H AL 2e-2e VIR TR. Guo PRI 5T Ag
B Ag KiARM T s, B 10 wt% Ag/C (16.2 nm,
0.02 mg/cm?), 20 wt% Ag/C (15.1 nm, 0.04 mg/cm?), 40
wt% Ag/C (13.9 nm, 0.08 mg/cm?)LLA 60 wt% Ag/C
(14.0 nm, 0.12 mg/cm?), RDE {52555 R, Bt Ag
FoEIH I, ORR I HALZEHTIERS, H 60 wt% Ag/C Lk
10 wt% Ag/C IE# T 62 mV. #ill, Maheswari 2510 Ag
BOEVE YA 80 wt%, A4 Ag KidR sl 40

http://sioc-journal.cn 1105



W F F R

wt% Ag/C (9.01 nm), 60 wt% Ag/C (12.66 nm)H! 80 wt%
Ag/C (23.98 nm), Ag kif® bt Guo 250Nk Sz Bedhi i/,
XAl fg L T Maheswari Z5*OE % Ag/C HERAT T UK
WA, B 2R R W, 60 wt% Ag/C
HATHAEM 03— 0.175 V vs. Hg/HgO) MR 1)
H BB (n=4), X0 REZHT 60 wt% Ag/C Bk
K LA 2 2R T A2(88.8 m™/g).

AT AT T Guo Z5PF1 Maheswari 251K 60
wt% Ag/C LR EE, S5k 1 s, WA, ANFH
TR, 9 Ag RN, AT MR T, X
AT RESE T I 217 58 2 (0 Bk 25 ok, kT i 3 2
RIHEAL I, 55— 71, Maheswari Z5MO1SZ56G b (1) i
PV A 1 moleL ™! KOH, 1fj Guo 255124 0.1 moleL ™"
NaOH, T4 76 AN [F 9 S5 R B R v v P s R
B R BN, 4 Koutecky-Levich J5 2, X4 50 5]
ALV
£ 1 Guo %R Maheswari 2549 60 wt% Ag/C 5286 5E %t bt

Table 1 The 60 wt% Ag/C statistical experiment data of Guo et al.
and Maheswari et al.™*")

[39]

Authors Ag loading/ Particle Limiting diffusion current
(mgecm %)  size/nm density/(1600 r/min, mAscm %)

Guo et al. 0.12 14.0 5.6

Maheswari ef al. 0.11 12.66 4.3

Ub4h, Garcia 2SI H- MO8 S50 & L T ROIR Ag
NPs (10 nm), $RJ5 H K Ag NPs 53 A B Ag/C,
XA R ZE AT NaBH, 2408 JRVL T B JiAN . A 55%
KUF(EAT BHy ), RDE MRS W Bl A i £ 45 B 1)
10 wt% Ag/C HIHL T HB 0N 2.7, 1EE NN Mg T
BAAMOR. Tammeveski 25057 ) R 42 08 Sk 1 22 Bl
2K (multi-walled carbon nanotube, MWCNT)Z [tk
BT — 25 15 nm ) Ag (13 nm, 16 pg/cm?), B AgNP/
MWOCNT, 404 5 S -5 AT LU RIS 75 MWCNT 11
Z S IE 35 mV, (IR PYC, F34k, it
#£ 0.1 moleL ™" KOH # A 1 mmolL™' HO,, &L
AgNP/MWCNT A R 4 (146 HO, [)RE

HARHTT Ag/C 1) ORR AL REAN W PYC, (HH T
f ST 2R RESE 4, H Ag HIM Al Pt 14
1/50 (Pt: 1608$/2 7], Ag: 33.5%/2 w1, PHUke Lt PyC
A7 5 )2 (0N P AT TR, 54, BRER AR A
AL T I F A BAT TSR X, B8R Z X Ag
WA RN B DL R B s A kAR KN
Wi () R GEIFA, DRI, 337 T Al A R AR I — AN 7
.

4 RESENLT

W TR Ag MIBRTR IR A MAEAL A, AATIERER T
Ag AR L R R R A AL, e BRI
T R 4FF) ORR AL fE. Meng I Shen!®" F 28 B ik
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n#4% (intermittent microwave heating, IMH) G5 & % T
W,C Fll Ag-W,C/C (Ag : W,C=1 : 1), W,C HIfEbiE 1
B2z, 5 C UL H Ag-W,C/C AE A E A MR HAT
Lt PYC B PR AT 1 GEL I oA 2200, AR HL 2%
W& oK), JFAE R AN 52 1 molsL ™" [EE KRG HLY).
Jiang 25135 4% 72: (galvanic displacement method)
Ag/C ¥ Ag KT I E ¥ Cu AW HE 1 Pd, Rl Pd@Ag/C,
B AT L Ag/C 1ER 0.07 V, L PYC £1F£ 0.05 V,
{H Tafel fih£E2 W& F1 PY/C 45 28BU% ORR fEALRLFE, H.
‘B BEMN 32 0.01 molsL ™' /1) 1. Liu Z°f] MWCNT Jf LA
H3PW 1,040(PW12) 138 J5 57 & W% T & H 2 4 @ A 1R 6
(polyoxometalate, POM) ] & & #4L 71 Ag NPs@POM-
CNTs, CV SER R, 1 Ag #iEh 36 wi%lf, HAT
% K B U6 W VA 5 BE (131 mA/em?®) B g 1F f W6 H A7
(—0.38 V vs. SCE), ifi#f RDE HISziilik, 5 36
wt% Pt/C ALt 36 wt% AgNPs@POM-CNTs 14 BR HL i
W R P A S AR, AN, FE R SR, B
KM E A MARFERIL T R 526807, LT
36 wt% Pt/C. Wang Z5E AN [] 4 5 1) 408 48 2K i
(o-anisidine, OAYKIX & it T 52 4ik(Ag i, OA Tl
AN 5E) R ZH2K AT (nanobelt, NB). 412K £k (nanowire, NW) Al
A K Jivki(nanoparticle, NP), i, NB T3 il il
REMRE T O—O BRI H AT 547 1f1 ORR fEALIERE,
R AT HON 3.8. Wang ZE ORI K WA S LT Ag-Mo
HAEMEL AR Bt FE s i HNO; #:(20, 22, 25 mL)
MIANTRD, ABATTHS A B IR R 3 Sl bR s ) Ag-Mo-20,
Ag-Mo-22 fll Ag-Mo-25, H:rft Ag-Mo-22 (47 AggMoyo-
O33) 11T B AT W 2 A AL 2 R T R(5.65 em?) T B AT
W AL T, A B4 3.3, JFAE 1 mol-L ™' KOH
W 500 FEEER S AR B L AN R 12%. Yi Al
Song“MIZE Ti HUBR IR Ag(ER), FiEE cv
PERANTF BB TR Co AN IR Ag, Co LA )
AgCo/Ti —JuR Ak, i 2k Hi(linear sweeping
voltammograms, LSV)I R, AgsCoe/Ti HFH & U1
ORR ff 1k % ¥, W HL R 092 mA/em?®, J5 X 7
Agy1Cogo/Ti L HIERA IR, BI PANI(n)-Ags Cog/Ti (n
i CV EHR %), Hrh, PANI(15)-Ags Cogo/Ti FL AT B i
AL PERE: A2 0 V (vs. 3 moleL™" Ag/AgCl),
A 1.2 mA/em?® (—0.12 V), [F, e B
4 PRI iR PP Il 1 R0 5y (U I FL RS,

Ag EAEMAFIMMEILIERER 2 Ag/C AT, H
FIFEA i . S 52 R Rk, (HELA BOP R
A%, TELRE AP e A B AL & I N eAs BT, A
ik, AE A —PEAAN  R T B nT RE Ok S ST T )
FPE AL ).

5 REs®
%42 AT ORR HEALTEMEAR 250K, FUILR A, £
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WA IX SR d B oA SB) /1 d
ORI R S48, W R, Ir, Rh &%, EAT TR BAXS
SRR R, Ml O=0 XU ¥ 5 #RI d, th
BARAE T de [N JIRE, (H[RII, oS40 B4 ik LA
B, EALIGTEASR AN &5 10 d s R AR T
GJE, W Au, Ag 55, BAR T DU SR B A BERE, 2
H T E A RLER TS B I IR A, O=0 XUBHIm & L 25 1
A, Wl R RAT 2e RN IRE. W 7 Fias, B
PL, 40 d B b O e R N iZaE b, A e B i
REACTEVE, 17 PtIAIE H& T IXAESPE(Pd 11 d Pl
HUCM LRI BE RS = T P, AR T S AT M. 1
BT Ag, LGB GIN d B AR R R A ) At
4 J 76 2 (kL BB 0 1) 4 e ) SR R M B R X B A
A, —Hr RS A 4 (Ag-Mx).

1.Ag(111)

0.00 F2'Au(111)

3.Pd(111)

-1.00 F4-Pt(111)
5.Rh(111)
6.Ir(111)

- 7.Ru(0001)

-2.0

o

-3.00

JI(mA-cm2)

-4.00

-5.00

-6.00

071 02 03 04 05 06 07 08 09
EIN (vs. RHE)
B 7 AF4E111) 5T ORR RSk i £B

Figure 7 Polarization curves obtained using a rotating disk electrode for
O, reduction on different metal single crystals in a 0.1 mol/L NaOH solu-
tion. Rotation rate, 1600 r/min; sweep rate, 5 mV/s"*!

UG %, Beer A1 Sandier 1IF 521, Ag-Mg (1.7 wt%
Mg) B AL Ag P IMEAIEYE, T Ag-Th (1 wt% Th),
Ag-In (1 wt% In)Fl Ag-Ba (1 wt% Ba)lllFf1 Ag A4S
PESRAL. 10 Ag-Bi, Ag-Sb &4 Ag LLENAG W i
) Ag-Sb (2%)>Ag>Ag-Sb (5%)>Ag-Bi (2%). Lee
SLUNS I T AR FELLE) Ag-Mg/C 301, 1:1,
12 3), Wik AR, Ag-Mg (3 ¢ DRI BUF
AT TEGE R 300 mV I, HEIRAEE 240 mA). {H Lee
2EOIFRIE ) Ag/C BEIEAT(1.1 V vs. RHE) L HAB2E
HIFFYIER T2 0.15 V, BT, Lee RS AT
il 5 2 T AL

Mok, Lima 2085 Ak 27 08 IR 9k A il Ag/C,
Ag-Co/C (MJRIIELL 3 1 1—1 : 3)Hl Co/C, XRD FAL
5, K Co FELL Cos04 B (D ELL Co05) AT
Ag-Co &4, (HIFREME] Ag ML ALif, CV
WE 7R, Bl Co &3 N, Ag X4 MW B aE ) hnss,
A BRI, Co JUEAE— @R LR T Ag I d
s PO AL H, BEJS ) RRDE WHiF52 11X
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— i AEE A TR EE L Ag/C (n=
2.7), Ag-Co/C (3 : 1, n=2.9), Ag-Co/C (1 : 3, n=3.0),
MRS BOM NI R R, B T BIATA, 7T
Co304 /2 —FIAEMERE de SNIRAR IR S A7 TUAEAL TR, 1
C0,0; HAERAE 2e-2e RINVIELE. ZKLLT Ag-Co/C, 1M
A 2E VLA ) Ag-Mn/CNT 7Y Mn 322 LA MnO (2>
T MnO)ERAELE, H1 T MnO EALTEPEAR, X
7t ORR EALTE M EE R HK T Ag/CNT, HJEL CNT
IRIFEE I FELAV (onset potential) iE T 0.06 V.

DA Ag XTI B REAS 1T Cu X4 IR B g 4
w72 PR, Shin ZE75E R DET $158 7 A A 45 M 840 &
L4 kIFR e R ORR AL MERE. TH 4 kW], Af
AL (Cu MRS T7 )\HIE Agi,Cu, Z5k AR E,
PR A FCAG S PEARN & 5 B 30(Cu £EAMZ) AL T5 I\ IHA
Ag,Cu, % 0.367 eV, HIXFZ5T 48 M — 1A Ag,Cu,
1% 0.169 eV, AHX &4 — 14 Agy,Cu, 11 0.829
eV, REmk, g Ag,Cuy X TP IF5%
A2 KeGE, MaEEA0 AgCuy E1HE T LF TR B4
I 0O=0 #kH, Hemiett e, Niks48m
3 Agp,Cuy BN A& ORR W AREALH. Lee 257 fH]
FEFRBEE AT 2L = MIELIIK Pd Lbf] Ag-Pd &
&, HAEMEEER T T Pr AgisPd > AgsPd, >
AgsPd; s>Pt>Pd, Jf7£ 1 molsL™' NaOH+0.5 molsL ™'
CH;OH ¥l A7 RUFIT 24, 1 Pt AR BIAE
JEHE, Pd A TS I BIARGA S5 FLIR. Slanac 21Ttk
AT TR, AA1E Bt AgPd, (x 2 y=1:
29 I DAEERAARL 5 nm)5, ¥ AR 1(20~30
wt%), CV Hl CO #|B{R%73(CO stripping voltammo-
grams)#E S Ag A1 Pd R F7E &R N #A A0, HY
Ag=4Pd I, Pd 51 i BE 23 B 3R T, T A A T4
SR ACAARRN (ligand effects) AR [4124 W (ensemble effects),
Wkt T T #5e 458, RDE SZEERH 71X — /4, Ag, Pd
I AgoPd [P LA (onset potential)7) 7l A% 20 mV,
£ 130 mV F1ZJ 100 mV (vs. 1 molsL™' Hg/HgO), 1k,
YEZ H s XPS i & 45 4 g (binding energy, BE) #5 1A
N, /bt Pd SINRERS IR d BRI FELAeT 2 S BRI
sp PUB IR B, 4 DFT, X AER 3% ORR Hhla)
YA s, 5340, A AT TEHEN T X s R,
NI E2E Pd RS T EANGIIZ O=0 HM/E, i
Ag D T R =45 OH [ (X 28T PdAul™),
W2 UL de OV IR 5 Pd _FEERAS) 2%
THERR N b, A Ag bR & Bk & 3 d.

AR, ST K- BT /0 1) Bard 2517
M oA S EM—ARRE ORR VALE: —
Pl g 1 T O=0 ST, Wi 5 M b 40T B 22 )
—& )8 ERAEHIERF RN, B Lima ZPY 5256 %0,
Co I GINILSE IG5 T Ag b4l IR B a2, 1 Jf At
Co XTWiZ¢ O=0 $E/E, S U T Co HiskJ- %
& Co MDD, 1T H AT, RS 5E g% Wk 2% - Sy T 45
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R (F) Slanac NI C 5 Bard VSR HIH],
Xkt , 76 a 4 BRI ORREFMRE 2%, ATH A KAk
WP INAIX Y d BB O, SCbr BB n] REA=I0 B b
R EE, JFH, X0 E 4, T =ois
&, PLIEMRI A B 2 AT, Ag SEAPRIAR
Sf/D UL BRI, SRR Ag FE =TT AT HEC A
JE A SR, Bk, Dathar 2558 i DFT $H47
TAHIUARE b 6 M@ (Au, Ag, Pt, Pd, Ir Fl
Ru)f] ORR 51, flfi 1A BAEA LA R i b 4 Ja 1) fh
g IS d U B2 MAKAR AT & KL k&R, H P,
Pd A9 T de e, IR AT BB R A LR R v R R
UF IR B AL A A5 B T4 < it

6 R-TEEEEMLY
6.1 Ag-MnO,

MnO, il # AfESE 4 ORR J% 4 4e [ Vit
47, B A NiYy Iy Dl ix Bl %, i b

MnO, & A, Bedh— 2 AR AR A A 1 A%

Hu 2556 T Ag-MnO, 43 il 67 38 51 FURE B 4 K45
(single-walled carbon nanotube, SWNT) 1 Z. %k
(acetylene black, AB)FIMEALRCR, — 3 & B U ke e
PEGRABI T 72 h J5 CV AAR), H CvV E&
Ag-MnO,/SWNT Lt Ag-MnO,/AB 5 A 34 J5 I v 37,
H RDE X B4 5 i L 5 £0(3.8 vs. 3.4), 1T EAT]
SR MR IR SN (a
Ag-MnOy/SWNT, T AEHL K 1.2 V, JH & & 261
mAh/g; (b) Ag-MnO,/AB, T{EHLIE 1.1 V, K&
190 mAh/g. Tang 25506 AgMnO,/C 7EAS A B R $)
it 13 2] Ag/Mn,O,/C, L, f£ 400 CH# I #1453 21
Ag/Mn;0,/C BA7 5 AL ORR fEALTE (1600 t/min, %
PR . 5.43 mA/em?®, CEIEHLAL: —0.111 V (vs.
Hg/HgO), 5i# 0.745 V (vs. RHE) [ ly, #EiXFh4tt T,
A IS E L H(RHE) L34k —0.767 V vs. SHE], %45 %5
Demarconnay 25U HIF 5845 SBIT, 1% AU
B SR T DU R s R e, R T
Hoeiln 4, JF HAR G SR (0.1 molL ™' NaOH)[FIF
FUA R0 R K 75 i R 52 B2 (R4 Slanac 250541,
B HOGH R T ISR AL A, ARAT 1254 KMnO, i
J7 B MnO, (F 252 MnO,, JEZ) 1 nm)If a2k b, 7
¥ Ag iR 5l Ag NPs (2.9+0.7 nm)F 1% & MnO, £ 1fi
b, BmAIEE Ag-MnO,/C, XFE, Ag Al MnO, 2 [l 2>
PRV R RCAR RN, e CV B B2 Ag/C,
MnO,/C 7EBHR A4 I # %A A A%, T Ag-MnO,/C 1
£10.05 V (vs. Hg/HgO 54 0.915 V vs. RHE)F 8 H 45 K
AU, ZIEn] B S OH 7 Ag-MnO, FH1H WL B, 1M
FEENG) Ar S HEA 5 mmoleL ™' HO, WK CV
W, Ag-MnO,/C I¥)id Ji g HiL A7 L MnO,/C 1E% T 2
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60 mV, RDE 5256 22 ] Ag-MnO, (56 wt%)/C I i i
P Z L Pt (20 wt%)/C I8 1F 30 mV, {HAE TG E(125
<136 mA/mg) M i 14 E(3.5<4)#8/NT Pt (20
wt%)/C, ABATTEH b = 20 b 2 MR HE I, 140k
B MnO, i& 504 HO, (V. b), HO, AI{E Ag KI5
B 2 Ag-MnO, FHif, 714 80N FIEC AR RS R XL
SEM T R AR A B SR S

6.2 Hft Ag-TEEEELY

Wang 2 BV IE 7 DFT M 5% 7 4% 1 1 ok
(projector-augmented wave, PAW), F| FH 25— R # v
ST T T A4 A A 0 R kL HL it (solid oxide fuel cell,
SOFC) & R 44 Ag/CeO, IR IEHLIE, 8 17 frf
1 4Ag/CeO, (—A CeO, KM i — )2 44> A, Al
R CeOy A58 it - 2R 1138 BT 48 25 7 (i A% SR B )
I, 230 A ) Ce S HOR R €T, i Ce’ fig iR A
WP IR B TR, B Ag ST A S AL B,
XSRS T Ag ) CePTIERE, AL
ORR fEXA=HM(Ag, Ce0,, O)FMH FFH 5 kA, X,
TEBAT AL 4Ag/CeOy KR T, 4 A~ Ag R7E CeO,
T 5 1%, o LA sl = AR F I, DA, AT
INHAE SOFC Hr, IRt 3 I e — AH Jit i LA A2 1F
ORR. Boskovic 2"V L URBUVLAE Ti Witk BYiA Ag 1
T Ag/TiO, A HALJZ(TIO, A EAE S Bk B H
VIR R IE ), Ag “FHRAEL 135 nm, FH &
Ag(100)EbAR, HEINGE EFH R T4 250 mV, Lk
R T2l Ag Rl TiO, 2 IA]. [EIAEAEAE Ti HEAR(TY/TiO,)
HYTR Ag, Lee A1 Syul™ ™ il it 46 %09 H 43I0 PVP(4) 1
H: 10000)55) T B Ag 4K, JERBL Ag 41K T
HIK/NBE PVP 235 (38 4ok, @ik RDE(1600
r/min, 1 mol/L NaOH)F! Ag NPs (27.9 nm)Lb#, HAKFR
HL I 45 5 (4 mA/cm®) KT Ag NPs (2.3 mA/em?), ##
W30k 3.97. XF Lk Boskovie Z55N T 4 Ag RidE 3,
ELOZM Ag 9K R AR B T BRI s ACR.

I & JE A A M — s R B T ik
W, BABOIREAE R AR, ARk, H—
JIH, AERIERRRL I R DTSR AL R
RURRe sk T 4 S A b B T 5 18 5 Ag B
A ISR,

Sh T ST BT MG L A AR LA AL K ORR AL fE,
PAT TR — S OT A0 ) B A S M S R e R 2
o, R R A RO vs. RHE, 16 T
P B A R, anJGRE I UERE, Ch 298 K, 1600 r/min 5%
PEREHE. WUV H, B Ag 4k i HAT Bl 1)
ORR AL PERE, HKZ NB-Ag, #WHRIKIESIA ORR
AL BEAT F A, 1T Ag-Pd A& BERRBLI T 4
TR PR A, Rk, FHREIEES A
A D B S 10 2 i AR EE. Ag-Pd A4 AT 1 b A SR A I
E AR ETT 1.
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7 ERIE

fiefll ORR 4% 4e e WIZA2HEAT M HR-TT ORR S W
FRPETH TR AL REA R E AR, MR 3%
AL FIPERE, T8 I A SO SRIE MR AL T T ] 2L
WIR, AT, HILAEALFIRIN T Pt FEAEAL AR
AR E T ARG T2 AR AL R
THOHAE 3 UL EE RILF] 4, BRI AL IR
RIS AT Pt AR i R RS AR AR T Pty (R,
Pt AEBR IR P F AN S, X SRR AEIX R R
Pt RIS A — 2 A, RRANY IS E S T
IR (LEan 53 W BY OHLg, T Pt 2RI OHag AN RIS,
DRIl 4 o PR B Ar), FLBESE pH R3S XA LS
BB, X T Agiii &, MEEARAAAERZ A, K

£2 K F AL ML TEREN L
Table 2 The ORR performance of the main Ag-based catalysts

K Ag I (] OHyg AT3, XAt TRATH Ag b Pt IE A
I FH A I 35 90 A P D P v A 3R 1) i A
2, WMRFHEE LR R R, B AL ) I 4
PROCF s A . AR, H HT SR AL 7 Y ORR HLEE
ARG 2, XA RZ ORR AEALA I )L
] i 5.

HILMEAFIAMN AT LU T AFC, DMFC, MAB,
U0 R R 2 A L K AR T H T 22 SR F R K
LA T, AR SR 7R A R FH - X0 R i o < Lt 45
R AR, i LI RBR K g s B A 55 e, A
WA FR AL, DAL, FEORE v b B8 R N FH I A A
AR AT VT R8N 7E R AT WA &R 23S AR 1) H It &R
Zr(hn: AP T AR T, XA IR AL
R EA TR X

Onset potential Scan rate/ Limiting diffusion current density/

Catalyst Electrolyte The number of electrons transferred - . 5 Reference
(Vvs.RHE) (mVes ) (1600 r/min, mAescm ~)
Ag(100) 0.1 molL "' KOH 4.0 0.84 — 4.9 (293 K) [9]
Ag(111) 0.1 molL "' KOH 4.0 0.85 — 4.9 (293 K) [9]
Ag(110) 0.1 mol-L "' KOH 4.0 0.90 — 4.9 (293 K) [9]
. 2 (low overpotentials) —
Ag(111) 0.1 molsL " HCIO, ] 0.45 5.6 [10]
4 (higher overpotentials)
Ag-Co/C (1 :3) 1 mol-L ™' KOH 3.0 0.87 — 2.9 [38]
AgoPd 0.1 molL "' KOH 4.0 0.89 5 5.6 [41]
Ag-W,C/C 1 mol-L ' KOH 39 0.95 5 4.1 (1500 r/min) [61]
Pd@Ag/C 0.1 molsL ™' NaOH — 0.94 10 5.0 [62]
Ag NPs@POM-CNTs 0.1 mol-L ' NaOH 4.0 0.85 10 3.6 [63]
NB-Ag 0.1 molsL "' NaOH 3.8 0.96 — 7 [64]
Ag-Mo-22 1 mol-L ' KOH 33 0.90 10 1.8 [65]
AgsPd, 1 mol*L"' NaOH 35 1.03 10 1.1 [74]
Ag-MnO,/SWNT 1 mol-L ' KOH 3.8 0.82 5 1.8 [82]
Ag/Mn;0,/C 0.1 mol-L"' NaOH 4.0 0.87 10 5.4 [83]
Ag-MnO,/C 0.1 mol-L ™' KOH 3.5 0.95 5 49 [84]
nanosheet array Ag 1 mol-L ™' NaOH 4.0 0.99 — 4.0 [87]

1EE R

KAk, LREILKFE 2011 B EHMRE. NFRTA Y
WAn X I @A R
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AT, SHE, MEHAREFIH. AF AP RALF Y
BMA T @R, 2007 £ 11 £ 2008 £ 11 A, Ak£E &M
XFRITHA Allen J Bard HBE 5 3] 428 w3 B4
(SECM) #) R 3 5 # K, A SECM st & A& wik 5 £ R
(ORRMIEHATAAR. EABRIT3 HXMR B “G& k%
wRA R AR HREF, £ T 5 LFHRR BLFEAT
A VARAL T B R
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